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stants, 181 
Complete nuclear permutation-inversion 
(CNPI), 58, 59, 63-64, 69, 72-73, 80, 
88-89 
Complete nuclear perrotation (CNPR), 
group, 69, 109 
Compression factor, 285 
in solids, 295, 296 
TF atoms, 309 
zero-pressure, zero-temperature, 318 
Concentration profiles, 141 
Condensation, 294 . 
Conditionally trivial elements, 107 
Conditional probability density, 344 
function, 346 
Conduction electrons, 284 
Conservation equations, 269, 270 
mass and charge, 143 
Conservation of momentum, 241 
density, 233, 234 ; 
Contact transformation, 239, 240, 241 
Correlation effe«ts, 295 
Coulomb: 
attraction, 278, 281 
energy barrier, 280, 281 
field, 299 
forces, 225, 251, 282, 286, 313 
VT for, 295 
interactions, 213, 321 
law, 225, 298 
potential, 226, 227, 251, 262, 264, 271, 278 
Debye-Huckel, 285 
screened, 291, 339 
repulsion, 261 
Covering-point symmetry group, 88 
Crossover temperature, 280-281 
Current density, 255-257 
generalized, 333 
Curve-of-growth methods, 130-133 


Debye-Huckel potential, 285, 291, 292 
shielding length, 291, 293 
Degenerate electron gas, 279, 283 
Density: 
conditional probability, 344 
electron charge, 314, 317, 318 
HF, 309 


Density-functional theory, 295 


Diatomic molecules, 328, 329, 330 
vibrations and rotations, 339 
VT for, 322, 323-326 
Diffusion, 342--347 
Dirac equation, 247, 272, 273 
exchange correction, 215, 309, 317, 318 
Hamiltonia, 272 
model, 318 
particle, 214, 272, 274 
Dissociated alkali halide vaports, chemical 
relaxation, 128 
Dissociation energy, 139, 329 
Dissociative attachment and associative de- 
tachment rate constants, 156 
Dorfman-Cohen ring operator, 10-12 
Drift velocity, 346 
Duffin’s lemma, 315 
Dynamical permutation symmetry group, 78 
Dynamical perrotation (DPR), group, 82-83 
Dynamical PI (DPI) group, 77, 78, 79 
as invariance group of Hamiltonians, 
84-86 
Dynamical supersymmetry group, 77, 86, 
87-88 
Dynamical symmetry group, 60, 77 
Dynamics, molecular, 295 
Dynamic VT, 245, 349 


Ehrenfest’s theorems, 249, 251 
Einstein diffusion coefficient, 216, 343, 344- 
346 

Electromoagnetic field, 269-271, 272 

field tensor, 269 : 
Electromagnetic VT of Schwinger, 235 
Electron: 

charge density, 314 

gradient, 326 

chemical potential, 305, 318 

correlation, 300 

density, 303, 317, 318 

energy, 305 

momentum, 318 

spin degeneracy, 304 
Electron affinities, 139 
Electron collisional dissociation, 157 
Electron concentration, 136 
Electron gas, 265-266 

degenerate, 279 

















Electronic charge distribution, 327 
energy, 320, 322, 328 
steucture, 326 
VT, 321, 321-323, 330 
Electrostatic Hellmann-Feynman (HFT) the- 
orem, 324 
potential, 213 
theorem, 258 
Elementary domains, 64, 65-66, 72 
Energy-derivative theorem, 257-259 
Energy-momentum tensor, 269, 270 
Ensemble, 269-271 
average, 287, 289, 344 
Enskog RRA (ERRA), 14-15, 19, 20-22, 
51 
Enskog’s ring theory, 3, 9, 10-11, 14, 15, 19, 
20-22 
Entropy, 296 
Equation of motion, 244, 250, 253, 254, 273, 
274, 348, 349 
for moment of inertia, 213 
Equation of state, 284, 318 
ideal gas, 222 
plasma, 291-293 
Equilibrium concentrations, 134-144 
Equipartition theorem, 222, 288, 345 
Equivalent equilibrium configurations, 56- 
57, 64, 89-90 
Essentially trivial element, 105, 106, 109 
Euler-Lagrange equation, 238 
Euler’s theorem on homogeneous functions, 
224, 232, 239, 261, 314, 328 
Exchange, 313 
correction, 304, 309, 318 
effects, 295, 299, 305, 308, 311, 316 
energy, 317 
Expectation value, 335, 336, 337, 339 
stationary state, 333 
Extended VT, 260-266 


Feasible domains, 58, 64-65, 66, 72 
Feasible permutation-inversion (FPI) group, 
58, 62, 68-69, 70, 74, 79-80, 81-82, 
85, 86, 93, 104, 105, 106 
general factorizations, 61 
mutiregular representations, 74 
Feasible perrotation (FPR) groups, 69, 81- 
82, 83-84 
Fermi energy, 283 
gas, 303 
sea, 283, 304, 305 
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Fermi-Dirac: 

gas, 304 

statistics, 304 
Flame experiments, 128, 186, 189 
Flexible models, SRMMs, 100 
Fluctuation-dissipation theorem, 342, 346, 

349, 350 

time-dependent case, 349 

Fokker-Planck equation, 216, 232, 346- 
350 

moments, 342-350 
Force constant: 

anharmonic, 325 

quadratic (or harmonic), 329, 330 

spectroscopic, 330 

vibrational, of chemical bonds, 325 
Four-vectors, 267-269 
Fragments, atomic, 319, 323-327 
Fragment VT, 326 
Free nonlinear quasirigid molecule, 89 
Frictional coefficient, 343, 347 
Fues potential, 330, 333 
Full isometric group, 78 


General quantum-mechanical VT, 312 

Geometric structure, changes, 326 

Global Eckart conditions, 98 

Global Eckart-Sayvetz conditions, 101, 114, 

117 

Global Sayvetz conditions, 97, 98, 99 

Grand canonical ensemble, 227 

Grand partition function, 286, 289 
quantum mechanical, 289 

Gravitational energy, 225, 278, 279 
potential, 213 

Ground-state energy, 276, 277, 299 
electronic, 327 


Harmonic force constant, 329, 330 
Harmonic oscillator, 216 
approximation, 331-333 
model, 213 
wavefunctions and potential, 331, 332 
Hartree (H) equations, 303 
method, 215, 299 
Hartree-Fock (HF), self-consistent field 
(SCF), 304, 326 
Hartree-Fock (HF) equations, 301-304 
method, 215, 295, 299-319 
Hartree-Fock-Slater (HFS) equations, 303 
Hausdorff formula, 216, 340 
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Hell Feynman theorem (HFT) 214, 252, 
257-259, 260-261, 285, 289, 290, 304, 
312, 319, 321, 326-333, 334, 335 
electrostatic, 324 
with parametrized reduced mass, 328-329 
self-consistent field (SCF), 326 
‘‘Hemistructural”’ relationship, 326 
Hidden symmetry, localized Hamiltonian, 
86-88 
Hofacker-Marcus conditions, 95, 97-98 
Homogeneous electron gas, 264 
Homogeneous potential function, 224 
Hydrogen atom, 339 
nonrelativistic, 336 
radial perturbation, 216, 339 
relativistic, 336 - 1 
Hypervirial theorem (HVT), 213, 232, 235, 
236, 247-252, 259, 312, 333-342 
anharmonic oscillator, 334, 335-339 
classical analog, 236, 333 
Poisson brackets, 235, 236, 240 
sum rule, 334, 339-342 
Hypervirial theorem/Hell Feynmar 
theorem (HVT-HFT) method, 239 








Impurity molecule rotating in crystal field, 
81-84 
Incident shock, 141 
Infinitesimal contact transformation (ICT), 
240, 241, 242 
Infinitesimal unitary transformation (IUT), 
241, 243, 244 
Inhomogeneous gas, 265-266 
Interaction potential, 271 
energy, 314, 315 
Interaction virial, 294 
Interatomic potential function, 319, 326-333 
Interelectronic potential, 264 
repulsion, 312 
Internal energy, 327 
kinetic energy, 328 
motion, 328 
potential, 264 
virial, 284, 286 
Internal isometric group, 78 
Internal isometric substitutions, 82, 84, 97, 
107 
Internuclear potential energy, 320, 327 
repulsion term, 324 
Invariance of localized Hamiltonians, 55-126 
equivalence of identical particles, 55-63 
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least-squares sets, 98-102 
molecular systems, 76-88 
dynamical PI group, 84-86 
hidden symmetry, 86-88 
impurity molecule rotating in crystal 
field, 81-84 
symmetry groups, 76-81 
momentum couplings, 95-98 
normal vibrational coordinates, 102-110 
polyatomic molecule, 63-76 
Born-Oppenheimer wavefunctions, 
71-76 
hidden symmetry and structural degener- 
acy of energy levels, 63-71 
rectilinear vibrational coordinates, 110- 
115 
standard configurations, 115-118 
symmetry limitations, 88-95 
Inverse-square forces, 275 
Ionic recombination rate constants, colli- 
sional dissociation into ions, 148-149 
Ionic solids theory, 298 
Ion-ion neutralization, 155-156, 172, 188 
Ionization: 
of alkali atoms, collisions with electrons, 
147-148 
electronic collisional-radiative recombina- 
tion rate constants, 151 
by electron impact and electron-ion recom- 
bination, 178-182 
Ionization potential, shift of, 136, 139 
Ion-pair formation, 149, 172 
neutralization and, 186-189 
two-body, comparison of, 187 
Ions, collisional dissociation, 190 
Isodynamic operations, 60-61 
Isoelectronic sequences, 312 
Isothermal bulk modulus, 296 
Isotope-effect, 319, 326-333 
Isotopic energy shift, 333 
mass, 333 


Jellium model, 264, 266 
Johnson noise, 343 


Kernel electrons, 282, 284 
Kinetic energy, 275, 276, 279, 282, 283, 284, 
295, 316, 326 
and boundary pressure, 313 
operators, 246, 254, 327 
Kinetic pressure, 285, 289-291 
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Kinetic studies, alkali halide systems, 128, 
138-144 
Kinetic theory, tagged-particle motion in 
* dense media, 3-23 
background, 31-51 
recent work, 15-23 


Lamb shift, 299 
Langevin equation, 216, 342, 343-346, 348 
Large-amplitude least-squares variables, 89 
Least-squares large-amplitude internal varia- 
bles, 98, 103, 114, 117 
Least-squares sets, internal variables, 98- 
102 
Lennard-Jones ‘‘6-12 potential,’’ 226 
Librator limit, 82, 84 
Light amplification, 128 
Local Eckari conditions, 102 
Local Eckart-Sayvetz conditions, 101 
Local-exchange approximation, 299, 303 
Localized Hamiltonians, invariance, 55-126 
equivalence of identical particles, 55-63 
least-squares sets, 98-102 
molecular systems, 76-88 
momentum couplings, 95-98 
normal vibrational coordinates, 102-110 
polyatomic molecule, 63-76 
rectilinear vibrational coordinates, 110- 
115 
standard configurations, 115-118 
symmetry limitations, 88-95 
Local potential, 303 
Local Sayvetz conditions, 97, 99 
Logarithmic pair potentials, 294 
Logarithmic potential, 285 
London dispersion potential, 226 
Lorentz-Boltzmann (LB) theory, 2, 3, 5, 6, 9 
Lorentz force, 232 
operator, 274 
transformation, 266 
Lorentz gas, 9-10, 15, 37 


McQuarrie pressure equation, 288 

Magnoli-Murdoch extrapolation, 323 

Many-electron system, 304 

Markov processes, 342, 346 

Mass, isotopic, 333 

Mass-balance equations, 134 

Maxwell stress tensor, 233, 234 
velocity distribution, 280 

Mean vis viva, 216 


Metals: 
monovalent, 282-284 
polyvalent, 284 
Method of moments, 213, 232, 342-350 
Mobility and diffusion coefficient, 343, 344- 
346 
Mode coupling, tagged-particle in dense me- 
dia, 23-51 
background, 23-30 
recent work, 30-51 
Molecular binding energies, 326 
dynamics, 295 
energy, 321, 328 
fragments, 326 
number density, 285 
structure, models of, 326 
systems, 326 
VT, 262, 321-323 
Molecular systems, invariance of localized 
Hamiltonians, 76-88 
dynamical PI group, 84-86 
hidden symmetry, 86-88 
impurity molecule rotating in crystal field, 
81-84 
symmetry groups, 76-81 . 
Molecules, diatomic, 319, 321, 322, 326-333 
Moments, 342-350 
Momentum: 
angular, 339, 349 
density, 269 
flux dyadic, 233, 269 
operator, 272 
Momentum couplings, 95-98 
Monovalent metals, 282-284 
Morse function, 329 
Motion: 
Brownian, 342, 343 
internal, 328 
translational, 328 
Muffin-tin approximation, 295, 304 
‘*Multiregular’’ representations, FPI 
group, 74 


Negative heat capacity, 214, 279 

Neutralization, ion-pair formation, 186-189 

Non-Coulombic nuclear force, 227 

Nonequivalent equilibrium configurations, 
56-57, 64, 67 

Nonlocal potential, 302, 303 

Nontrivial elements, 105-106, 109 

Normal vibrational coordinates, 102-110 
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Nuclear motion: Quantum analog of classical contact trans- 
Born-Oppenheimer approximation, 327- formations, 242 
328 Quantum fluids, 289 
virial theorem (VT), 326-328 Quantum mechanical charge-variation 
method, 277 
Occupation numbers, 290 Quantum mechanical derivation of the VT, 
One-parameter equation of state, 295-296 273 
Oscillator strengths, 342 Quantum mechanical grand partition func- 
photodetachment cross section, 133 tion, 289 


Osmotic pressure, 286 
Overshoot, halide concentrations, 145, 147 


Pair potential, 224, 288, 298 
Parametrized reduced mass, 328-329 
Particle-wall interactions, 257 
Partitioning, virial, 319, 323-326 
Pauli exclusion principle, 301 
matrices, 272 
spinors, 274 
Periodicity condition, 265 
Perrotations, 66, 69 
Perturbation theory, 252, 257, 300, 330, 334- 
336 ; 
Phase transitions, 298 
Photodetachment, 129-130, 133 
Photoelectric work function, 318 
Pionic atoms, Breit-type recoil correction, 
334 
Plane wave, 309, 317-318 
approximation, 318 
Plasmas, 291-295 
equation of state, 291-293 
two-dimensional, 293-295 
uni-univalent, 293 
Polyatomic molecules, 63-76 
Born-Oppenheimer wavefunctions, 71-76 
hidden symmetry and structural degener- 
acy of energy levels, 63-71 
Polyvalent metals, 284 
Potential function, interatomic, 319, 326-333 
Pressure: 
effective, 318 
matter under, 313 
Pressure equation, McQuarrie’s, 288 
Primitive period (isometric) transformation, 
79, 104 
Propagators, 291 
Pseudopotential method, 304 


Quadratic force constant, 329, 330 
Qualitative models, utility of, 274 


Quantum mechanical pressure operator, 290 
Quantum mechanical tensor generalizations, 
214 
Quantum mechanical VT, 213-214, 242-266, 
274, 289, 290-291 
classical analog, 284, 291 
general, 312 
Quarkonium system, sum rules applied to, 
342 
Quartic perturbation, 338 
Quasi-first-order regime, 140 
Quasi-second-order regime, 140 


Radial distribution function, 288 
Radiation energy: 
density, 281 
pressure, 281 
theory, 216, 334, 339-342, 339, 342 
Rate coefficients, 147-157 
Reciprocity law, 132 
Rectilinear vibrational coordinates, 99, 101, 
104, 109, 110-115, 116, 117 
Reduced mass, 319, 321, 326-333 
of molecule, 328, 329 
parametrized, 328-329 
Reflected shock, 141 
Relativistic: 
corrections, 320 
energy, 267 
hydrogen atom, 336 
virial theorem, 266-274 
Repeated-ring approximation (RRA), 10, 15, 
16-18, 20, 51 
Ring approximation (RA), 5-9, 10, 12, 13, 
14, 15 
Rubidium and cesium halides: 
dissociation and relaxation, 127-208 
experimental method, 128-138 
concentrations, 129-134 
equilibrium concentrations, 134-144 
velocity measurement, 129 
introduction, 128 














kinetic model, 138-144 
observations and Arrhenius graphs, 144- 
« 178 
Arrhenius plots, 157-178 
rate coefficients, 147-157 
relation to other evaluations, 178-201 
collisional detachment and three-body 
attachment, 182-185 
collisional dissociation and branching 
ratios, 189-201 
ionization, by electron impact and elec- 
tron-ion recombination, 178-182 
ion-pair formation and neutralization, 
186-189 
statistical analysis of data, 201-208 
Rydbert, Klein, Rees (RKR) method, 329 


Scalar quantum-mechanical VT, 245 
Scalar VT, 250, 348, 349 
Scale transformation, 239, 241, 242-245, 246 
Scaling, 245-247, 252; 274, 285, 289, 312, 
321-323, 334 
derivation of VT by, 319, 321-323 
SCF-Kohn-Sham scheme, 304 
Schrédinger equation, 214, 247, 248, 252, 
255, 257, 272, 299, 335, 336 
electronic, 320-321 
nuclear motion, 319, 321, 326-333 
radial one-electron, 310 
separation into electronic and nuclear 
parts, 319-321 
Schrodinger pressure, 278 
Screened Coulomb potential, 291, 339 
Self-consistent Enskog RRA, 23 
Self-consistent field (SCF), 215, 266, 295, 299 
303 
Hartree-Fock (HF), 304 
Hartree-Fock theory (HFT), 326 
pseudopotential method, 304 
X.. method, 304 
Self-consistent mode coupling, 19 
Self-consistent RA (SCRA), 19, 41-42 
Self-consistent repeated-ring approximation 
(SCRRA), 19-20 
Self-energy, 271 
Semifeasible permutation (SFP) group, 70 
Semifeasible permutation-inversion (SFPI) 
group, 70-71 
Semirigid molecular model (SRMM), 59, 61, 
63, 65, 73, 77, 78-80, 83, 86-87, 88, 
91, 93, 97, 99-100, 103, 104, 107 
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Shear modes, 8 
Shell structure, 309 
Shock-tube studies, 128 
to collisional detachment and colliding- 
beam studies, 178 
Shock-wave velocity, 129 
Signal-to-noise ratio, 343 
Slater determinant, 301 
local-exchange approximation, 215, 299 
local potential, 303 
muffin-tin approximation, 304 
Solids: 
molecularly-bonded, 298 
under pressure, 266, 295-298, 304 
Sonine polynomial approximation, 5 
Spectral lines, optically thin, 130 
Spectroscopic constants, 326, 328-330 
Spherical harmonic, 300 
Spinor, 272, 274 
Spin-orbital, 299-301 
Stability of atoms, 225, 275-278 
Standard configurations, 89, 98, 102, 115- 
116 
Standard projection, 66 
Stars, 278-282 
Statistical models, 299, 304-319 
semiclassical, 304 
VT in, 312-319 
Stellar: 
lifetimes, 281-282 
masses, 278-282 
Stiff, equations, 144 
Stochastic: 
equations, 343, 344 
fields and the VT, 350 
force, 349 
Stokes-Einstein (SE) law, 2, 3, 23, 25, 346 
Stress tensor, 269 
Structural degeneracy of energy levels, ‘‘hid- 
den’’ symmetry of global Hamilto- 
nian, 63-71 
Sublimation energy, 282, 284 
Substituent effects, 326 
Substitution: 
internal isometric, 82, 84, 97 
Murdoch theory, 326 
Sum rules, 334, 339-342, 339 
as constraints, 342 
quarkonium system, 342 
Surface, 261 
energy, 266 
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Surface (Continued) 
integral, 254, 255, 257 
term, 315-316 

Symmetry number, 73-74 


Tagged-particle motion in dense media, 1-53 
introduction, 1-3 
kinetic theory, 3-23 
background, 3-15 
recent work, 15-23 
mode coupling, 23-51 
background, 23-30 
recent work, 30-51 
Tensor, 228, 229, 250 
angular-momentum conservation law, 235 
density of angular momentum, 234 
density of torque, 234 
operator, 250 
virial equation, 229, 230, 231, 232, 234 
VT, 349 
Thermodynamic pressure, 285, 289-291 
Thomas-Fermi (TF), 266 
approximation, 310 
atoms: 
compressed, 309 
neutral free, 310 
binding energy, 311 
curve, 319 
density, 309, 311 
equation, universal, 306, 309 
expansion, 311 
method, 313 
model, 215, 304, 306, 307, 308, 309, 316 
VT in, 312, 313-316, 317 
scaled variables, 318 
Thomas-Fermi-Dirac (TFD) model, 215, 295, 
299-319 
theory, 303, 310, 313 
VT, 316-319 
zero-pressure atom, 318 
Thomas-Reiche-Kuhn sum rule, 342 
Bethe’s generalization, 342 
Three-body attachment, collisional detach- 
ment, 150, 182-185 
Three-body dissociative attachment, 156 
Three-body ion pair formation, 153-154 
Time-dependent generalizations of VT, 342- 
350 
Total dynamical symmetry group, 77, 80-81 
Transition metals, 295 
Transition-moment integrals, 334 


Transition series, first, 303 

Trivial periodic transformation, 79, 107 
tstatistic, 158,205 

Two-body ion-pair formation, 155-156 


Uncorrelated binary collisions, 5, 9 
Unitary transformation, 239, 241, 242, 243,248 


Valence-bond theory, 326 
Valence electrons, 282, 283, 284 
Variational integral, 301 
Variational wavefunctions, 334, 342 
Variation calculation, 299 
Varshin function, 330 
Velocity correlation function (VCF), 40 
Velocity-dependent anharmonicity, 339 
Velocity-dependent potentials, 342 ~ 
Vibration, 328 
of diatomic molecules, 339 
force constants of chemical bonds, 325 
frequency, classical, 331, 332 
lattice field, 339 
Vibrational coordinates, localized Hamilto- 
nian as truncated Taylor series in, 
88-95 
Virial partitioning, 326 
surfaces, 327 
Virial theorem (VT): 
Clausius derivation, 212 
continuous medium, 271 
Coulomb forces, 295 
derivation of, 216-218, 344 
diatomic molecules, 322-326 
Dirac particle, 274 
dynamic, 349 
electrons of diatomic molecules, 326-327 
homogeneous electron gas, 260, 264-265 
inhomogeneous VT in a box, 263 
molecular fragments, 257 
nuclear motion, 326-328 
one particle, 254 
particle in box, 260, 262-263 
as qualitative guide, 274-284 
quantum mechanical, 242, 312 
relationship to HVT, 333 
relativistic, 266-274 
scalar, 348, 349 
scaling, 245 
from Schrodinger equation, 252 
separability, 321 
in statistical models, 312-319 
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in stochastic fields, 350 

summary, 212 

tensor form, 349 

in TFD theory, 316-319 

in TF model, 312, 313-316 

time-dependent generalizations, 342-350 
Voight profile, 130 


Wall forces, 221, 289, 290 
Wavefunction expansion, 334 
molecular, 326 


nuclear, 328, 329 
scaled, 321, 323 
SCF, 323 
Wavefunctions: 
approximate, 334 
harmonic oscillator, 331, 332 
real, 336 
variational, 334, 342 
Wigner symmetry operations, 60, 108-109 


Xa method, 299, 303, 304 





